Abstract
Introduction
Each year, 1.3 billion tons of Municipal Solid Waste (MSW) are produced on the planet, with a value of 2.2 billion projected for 2025 (SHAH et al., 2017) . According to Kamaruddin et al. (2017) , the current global scenario indicates that 94.5% of MSW is directed towards landfi lls. In Brazil, according to ABRELPE (2018) , 78 million tons were produced in 2017 and only 59,1% were intended to landfi lls. Therefore, it is important to understand that one of the main environmental impacts of MSW disposal are the leachates (TALALAJ, 2015) . This liquid without proper control has a negative and direct eff ect over the environment, reaching soil and water resources, the economy and society are also aff ected. It compromises the social aspects such as public health and water security (DI MARIA and. SISANI, 2017) .
The generation of leachate occurs due to biodegradation of MSW provided by anaerobic and/or aerobic microorganism combined with residues characteristics and precipitation (FRANCO et al.; . It is important to elucidate that organic and inorganic recycling process reduce the amount of leachate produced due to the deviation of litter from landfi lls. Leachate has a dark color and contains inorganic salts, possibly heavy metals, ammoniacal nitrogen and refractory and biodegradable organic matter (FERRAZ et al., 2016) . Its composition has a vast physicochemical and biological variability, depending on factors such as residues type, clime, hydrology and landfi ll physical characteristics. Due to leachate high pollution potential, environmental control agencies were pressured by society to implement more rigid leachate discharge parameters (RAGAZZI, 2016) .
Therefore, the aim of this article is to present a bibliographical review addressing the diff erent leachate treatment technologies, evaluating them through their applicability, functionalities, advantages, disadvantages and uncertainties, in order to provide a better view of this scenario and help the correct choice of leachate treatment.
The state of the art of the landfi ll leachate treatment was carried out by searching technical and academic references, such as: scientifi c articles, international conference papers and company's technical documents. The documents were obtained utilizing the databases Scopus and Science Direct, applying the key words: leachate, leachate treatment, membranes treatments and landfi lls. Consultations with professionals of the area were also made. Furthermore, the Mendeley platform was used to manage and discover bibliographic data.
The documents published in the last fi ve years were prioritized, but the former relevant ones were not discarded. The documents selected, in addition to describe landfi lls leachate treatment techniques, had empirical results regarding operation as well as advantages and disadvantages of the systems. Thereby, comparative analyzes could be made between the various methods and techniques.
Discussion
So as to comprehend the advances on research and development of leachate treatment, a bibliometric survey was necessary. Therefore, to understand the future of science, technology, economy and society on the leachate treatment fi eld, fi gure 1
Methodology
Source: (M. Santos, A. Nascentes, A. Junior et al., 2018) demonstrates the advances made over the years. 
T echnology Selection
The choice of the best treatment technology for an specifi c leachate covers several aspects: fl ow generation and physicochemical composition of the leachate, available area for the system plant, investment capacity and operation of the landfi ll (CAPEX / OPEX) and compliance with the norms and laws established by the local environmental agency (BIDONE, 2007) .
According to Renou et al. (2008) , treatment technologies can be divided into three classes: recirculation at the landfi ll, biodegradation, and physicochemical methods (which contains the membrane methods). However, membrane technologies require a preliminary chemical treatment, followed by a physical treatment provided by membranes, thus diff ering from traditional physicochemical processes. For this reason, although the previous classifi cation is currently the most used, the present study considered it pertinent to classify the leachate treatment methods in four thematic axes, namely: biological, physicochemical, co-treatment with domestic sewage and membranes; as shown in fi gure 2. 
Technologies for Leachate Treatment

Biological Treatments
Biological treatments are used for biodegradation of organic compounds, especially in leachates with high concentration of Biochemical Oxygen Demand (BOD), due to the relative simplicity and cost-effectiveness associated to it. These techniques promote, through the decomposing activity of microorganisms, transformation of the compounds present in leachate on: carbonic gas and biomass at sludge form, when submitted to aerobic conditions; and biogas, when submitted to anaerobic conditions. This type of treatment is advised and is efficient for new immature leachates, where the ratio of Biochemical and Chemical Oxygen Demands (BOD / COD) are greater than 0.5 (PENG, 2013) . However, these types of treatments have operational sensitivity and tend to have its efficiency affected by the physicochemical and biological variability of the leachate. Likewise, another worrisome factor, when placed alone, this technology doesn't remove recalcitrant substances, such as refractory organic matter and drugs. Table 1 summarizes the advantages and disadvantages of applying biological treatments for leachate remediation". (CAMPOS, 2014; NASCENTES, 2013; SANTOS, 2009; RENOU et al. ,2008) 
2 Physicochemical Treatments
Physicochemical processes originated of the need to improve the efficiency of biological treatment systems. Thus, they are generally used downstream of a biological pre-treatment. This system acts by modifying the chemical structures of specific pollutants, or physical elements with capacity to retain or eliminate pollutants. Furthermore, the process choice is specific, being directly related to the parameters to be reached on (COSTA, 2015) . Some advantages and disadvantages of these technologies are on Some advantages and disadvantages of these technologies are on Table 2 . Emission of polluted gases, high energy cost where approximately 60kg of gasoline is needed to burn 1m³ of leachate. A dry sludge output is generated in the order of 5% of the total volume
The most widely used option is the capture and burning of the biogas generated by the landfill itself Source: Compilations of fonts adapted from (BIDONE, 2007; LOBLICH, 2005; CRISTINA, 2002; RENOU et al., 2008; ROCHA, 2003; DIAS, 2017; NASCENTES, 2013; JAMALY et al., 2014) 
Co-treatment with domestic sewage
The combined treatment of leachate with sanitary effluent in Sewage Treatment Plants (STP) is widely diffused in Brazil and worldwide. An important and current point of discussion inside the scientific community is the feasibility of co-treatment and what would be the ideal proportion of leachate / sewage in order to not harm the station and compromise the final effluent quality (SANTOS, 2009) .
In Brazil, there is no specific legislation for co-treatment (MANNARINO et al., 2011) . However, in the State of Rio de Janeiro (RJ), there is bill number 1857/2016 that mentions in its article 13 the prohibition of co-treatment in conventional STP at the State. Table 3 presents the conclusions of some co-treatment studies. After analyzing several studies, the authors uncovered some of the advantages and disadvantages of co-treatment, which are explained on Table 4 . 
Membrane Treatments
With increasing legal restrictions and environmental controls on effluent discharge standards, conventional biological systems have proved to be inefficient in achieving the desired levels of removal. Therefore, the membrane processes arise to increase the quality of leachate treatment. It is being shown to be more efficient, adaptable and indispensable (RENOU et al., 2008) .
The membrane systems are fed by leachate, pre-treated in some cases, for membrane preservation and energy savings by using lower pressures and, after the process, the permeate, effluent to be disposed, is produced. The process rejection is a liquid denominated concentrate. It is a highly polluting liquid that must have a proper destination and, in most cases, the concentrate has been recirculated at the own landfill. In general, membrane processes involve higher operational costs due to energy consumption, exchange and cleaning of membranes (HURD, 1999) . However, the treatment units are more compact, have greater mobility and operational flexibility, as well as they are more effective and more operationally simple. Table 5 summarizes some advantages and disadvantages of each membrane technology Removals that reach 99% in BOD and 70 to 96% of COD. Bacteria maintenance inside the reactor, higher concentration of biomass generated, compaction, operational flexibility, automated control of hydraulic detention time and sludge, removal of up to 95% of recalcitrant substances and attends high volumetric loads Higher investment costs and operational complexity
The potential of using an MBR system upstream of a reverse osmosis unit for purification is interesting in reducing the frequency of downstream membrane fouling and producing a very high quality effluent with lower concentrate generation. Therefore, the technological combination recently pointed out as more efficient and effective Source: Compilations of fonts adapted from CRISTINA, 2002; HURD, 1999; RENOU et al., 2008; PENG, 2013; NASCENTES, 2013; JAMALY et al., 2014) 
Final Considerations
It is observed the complexity and variability of leachate, as well as the diversity of treatment technologies. They are widely debated both theoretically and experimentally, through practical analysis in leachate treatment plants in operation. All technologies have advantages and disadvantages in terms of effi ciency, eff ectiveness, economy, operational feasibility and logistics, and it is a challenge to choose the most appropriate for a specifi c situation. Because of this, it is extremely important a depth analysis of each scenario in which a leachate treatment plant is being planned, in order to obtain a satisfactory treatment operation for shareholders.
The co-treatment of leachate with domestic sewage has several studies that evaluate diff erent aspects. However, it is still surrounded by questions and uncertainties about its results and operational consequences in the medium and long term on real scale situations. Another important aspect is the environmental control parameters of the fi nal effl uent quality in STP, where ecotoxicological eff ects are not yet defi ned, besides the uncertainties regarding the eff ect of the recalcitrant substances in the processes. The possible contamination of sludge is also a disadvantage that may restrict its reuse. The high volumes of leachate transport from landfi lls to the STP's are costly and risky. However, this solution has a more immediate result, when there is still no local treatment of leachate, and this is accumulated in storage ponds, with signifi cant costs, especially in area, and risky because of possible leaks by extrapolation, caused by lack of planning and/or periods of unexpected heavy rains.
Therefore, the importance of in situ treatment occurs due to high cost and risk during leachates transport. The National Sanitation Information System (SNIS) provides knowledge about waste management in Brazilian municipalities. The system can clarify the leachate treatment panorama in Brazil, with information provided by the bodies responsible for its management. The most recent study refers to the year 2016, and this investigation shows that 15% of municipalities have internal facilities for leachate treatment, Figure 4 , while 8% have external facilities, Figure 55 (LEY et al., 2018) . F igure 5 -Quantity of units that have external treatment of leachate Source: Ley et al., 2018 Thus, from this data set it is possible to extract that the states of Santa Catarina and Rio Grande do Sul have a higher percentage of units with internal treatment, with 89% and 73%, respectively. In terms of external treatment, Rio de Janeiro's largest representative was Rio de Janeiro, with 28% of its facilities (LEY et al., 2018) .
Conclusions
It is concluded that the correct treatment of leachate is one of the greatest challenges for landfi ll operators. In fact, leachate confi gures a threat to the water security of countries, with short, medium and long-term impacts, covering fauna, fl ora, atmosphere, soil and constitutes a negative externality for the whole society.
Among the treatment processes, those using membranes are more effi cient because their essence of physical separation of the undesirable components of leachate maintains an operational and logistic safety while the chemical and biological treatment processes can be aff ected slowly by the variability of the physicochemical composition of leachate at the own landfi ll. Moreover, chemical treatments require considerable input volumes, resulting in logistic consequences and constant technical qualifi cation for operation, hampering the operational procedures of routine and the technicians responsible for the leachate treatment plant.
Furthermore, membrane treatment technology is a viable and effi cient alternative, it is being approval world spread specially fi rst world countries. The generated permeate can meet the discharge requirements of the environmental organs, due to its high pollutant removal rates and can be reused. The technologies have a maturity and constant development, being periodically improved by reductions of operational costs, especially through the technological development of membranes. It should be emphasized that the production of concentrate (residue from membrane processes) is still a challenge for these technologies, since in most cases the solution still used is the recirculation at the own landfi ll, studies are also trying to improve destination and treatment of concentrate.
In the end, it is notable that there are still several studies to be realized in order to increase the certainties of diff erent optics and particularities of this subject. It is recommended that there be practical and depth studies which analyses the operation of STP's with diff erent co-treatment methods in ecotoxicological quality of the fi nal effl uent, the operational consequences at the station in a short, medium and long term, covering environmental, economic, logistic and technical aspects. An area still possible to be explored are more studies related to the reduction or treatment of membranes concentrate.
